Over the past 20 years, it has become possible to isolate genes from microbes, plants, and animals and to insert them into a range of plant species. During the next two decades, it is likely that genetically engineered crops will become widespread in agriculture. This presents new opportunities for making plants resistant to pests and diseases, better able to withstand stressful environments, and capable of producing better quality products. As with most significant advances in biological science, questions are raised about the consequences of these developments to life and the environment. One of the principal queries about the widespread use of genetically engineered crops is the likelihood and possible consequences of the introduced genes (transgenes) being transferred by cross-pollination to wild populations of plants. What would happen, for instance, if a transgene conferring resistance to a herbicide or to an important pest became established in a wild plant population?
The aim in this short review is to discuss the likelihood of gene transfer and its possible consequences and what procedures are being adopted to evaluate novel transgenic plants before they are used for widespread cultivation.
OPPORTUNITIES FROM GENETIC ENGINEERING
Since the discovery of enzymes capable of cutting and rejoining DNA at specific base sequences, it has become possible to isolate genes and DNA sequences that regulate gene activity from a range of organisms. Genes that control an array of plant processes are being inserted into crop plants, and it has been demonstrated that plants can produce specialized substances of pharmaceutical value (Fig. 1) . In addition to the genes already available, modem methods of gene isolation (e.g. by chromosome walking or transposon gene tagging) will in the future make it possible to modify plants in ways difficult to envision at present.
Genes have been manipulated by humankind for thousands of years through the deliberate selection and propagation of useful plants. The 
LIKELIHOOD OF GENE TRANSFER TO WILD SPECIES
The extent of gene transfer to wild populations depends on various factors: the crop plant and wild species must be sexually compatible, they must be growing in the same location, they should flower at the same time, and they should have a means of transporting pollen from one to the another. The first two, sexual compatibility and distance over which cross-pollination will occur, are particularly important and will be discussed further.
Wild species have been the source of many genes used in crop improvement, so there is information about the degree of sexual compatibility between crop species and their wild relatives. Potato (Solanum tuberosum) will cross-pollinate with wild diploid solanaceous species found at its place of origin in South America, but there is no evidence of cross-hybridization under field conditions with its relatives S. nigrum and S. dulcamara (5), which are common weeds of potato crops in Europe. In contrast, sugar beet will cross under field conditions with wild sea beets, and oilseed rape (Brassica napus) with B. adpressa (for other examples, see Fig. 1 ). When there is poor sexual compatibility between a crop and its wild relatives, breeders may resort to ovary and embryo culture to obtain hybrids. By this means it is possible to obtain hybrids between B. napus and the common weed species Sinapis arvensis (charlock), but gene transfer in nature is unlikely (8 geographic area, the focus of any risk assessment should be on the consequences of potential hybridization.
CONSEQUENCES OF GENE TRANSFER TO
WILD SPECIES Rhododendron was introduced into Britain as an omamental plant for gardens and is now considered by many ecologists to be a plant pest of semi-natural vegetation. Spartina anglica is a valuable species for reducing soil erosion but also causes problems by blocking waterways and harbors. This species was formed from a hybrid that arose a century ago between the native British S. maritima and the introduced American S. alterniflora (12, Careful consideration needs to be given to the consequences of introducing various herbicide resistance genes into different varieties of a crop species. This could give the opportunity, under appropriate selective conditions, for a weed species to become resistant to several herbicides.
The transfer of pest and disease resistance, or resistance to environmental stress, might also give a wild population a selective advantage in some circumstances. Although there have been many conventionally bred varieties used in agriculture with similar classes of resistance characteristics, the introduction of genes from a considerably larger gene pool means that the choice of genes, and the mechanisms by which they modify plant phenotype, can be very different. There have now been over 500 field releases of genetically engineered crops, with no untoward consequences. However, as more is learned about how plant processes are controlled, new opportunities for modifying plants will emerge. It is important, therefore, that risk assessment be carried out case by case, and be based on a sound knowledge of the distance pollen can travel to give cross-pollination, the extent of cross-pollination between crops and their wild relatives, and the competitiveness of those recipient species in different habitats.
